jectory technique in which CBT and traditional trajectory screws were inserted into the same pedicle in an attempt to "achieve the most solid fixation" in an osteoporotic woman with scoliosis; all screws were placed de novo. 16 The additional screws and rods provided additional structural support and stability. In this patient, 2 rods were placed and connected to traditional pedicle screws and 2 additional rods were connected to the CBT screws (Fig.  2B) . Hyun et al. demonstrated the added rigidity offered by using more rods and screws, in addition to the standard 2-rod constructs typically employed. 3 The second case of dual trajectory screws was reported by Rodriguez et al.
14
A particularly intriguing aspect of this report was their use of multiple pedicle screws in several pedicles. Of note, they reported placing CBT screws after traditional pedicle screws were placed in the same pedicle (Fig. 2C) . In this scenario, the previously placed construct does not have to be exposed or connected to the new CBT construct at the additional level; this could result in decreased operative time and blood loss. To the best of our knowledge, these are the only studies that have made mention of the "dualtrajectory" technique. Our aim with this study was to conduct a radiographic study to determine the feasibility of using CBT and traditional pedicle screws at the same level in a larger population. Clearly, there could be biomechanical implications with the presence of additional hardware when using this dual trajectory technique, but we cannot address this issue without in vitro or in vivo studies. The intent of this study was to only evaluate radiographic feasibility.
Methods
The lumbar CT scans of 47 random patients were evaluated; the scans were the most recent studies at our institution that met the search criteria "pedicle screws" or "normal/no pathology" using our institutional radiographic database. The images were divided into 2 groups: 24 patients who had preexisting traditional pedicle screws (prior surgery group: age range 44-85 years, mean 58.7 ± 12.5 years [± SD]; 17 females) and 23 patients who had no previous instrumentation (no prior surgery group: age range 24-81 years; mean 58.3 ± 12.4 years; 10 females). The CT scans were analyzed using 3D reconstruction software (Brainlab Elements DICOM Viewer, Brainlab).
Digital Placement of traditional Pedicle Screws
For those patients in the prior surgery group, digital pedicle screws were added to precisely define the locations of the screws already in place. Next, 6.5-mm screws were placed in the remaining lumbar pedicles using the lateral-to-medial and inferior trajectory along the axis of the pedicle as previously described (Fig. 1) . 15, 18 For those patients with no prior instrumentation, 6.5-mm pedicle screws were virtually placed in all 10 pedicles in the same manner as for those patients in the previous instrumentation group (Fig. 3) .
Digital Placement of cBt Screws
The entry point of the CBT screws was the rostrocaudal midpoint of the pars interarticularis. A medial-to-lateral and superior intrapedicular trajectory was then followed, as described previously.
2 Both 4.5-and 4.0-mm screws were virtually inserted into each pedicle; this smaller diameter is within standard range for the CBT. 12, 13, 16, 17 For those patients with prior fusion, most CBT screws passed caudal to the preexisting traditional pedicle screws. However, in several patients, placement of a CBT screw was only feasible when adjusting the entry point rostrally to allow the CBT screw to pass rostral to the preexisting traditional pedicle screw. For patients in both groups, it was then determined if the trajectories of the traditional pedicle screws and the CBT screws (4.5-and 4.0-mm screws considered separately) collided within the pedicle or vertebral body at each level.
Statistical analysis
Dual trajectory planning was considered successful if the trajectories of the traditional pedicle screw and the CBT screw did not collide. In the prior surgery group, the percentages of successfully planned dual trajectories were then calculated for each lumbar level and for each size of CBT screw. A 2-tailed t-test was then used to compare the success of planned dual trajectories across multiple lumbar levels. This analysis was repeated for those patients with no prior instrumentation (no prior surgery group). Additionally, a Fisher exact test was used to analyze the percent success rate at each lumbar level between the group of patients with prior fusion and those without prior fusion.
results
Overall, 47 patients underwent lumbar CT scanning. A total of 222 pedicle screws had been placed in the patients who previously underwent instrumentation. The fused level was not spread evenly across the various levels. Only 3 patients had previous L-1 pedicle screws placed, compared with 20 patients who had L-5 screws placed.
There were a limited number of patients who underwent previous pedicle instrumentation in the upper lumbar spine. Only 6 pedicle screws had been placed at the L-1 vertebral level and only 12 had been placed at the L-2 level. Because of this limited sample size, significance between the prior surgery and the no prior surgery groups could not be determined. However, for the L-1 levels in the no prior surgery group, we found that we were able to successfully place a CBT and traditional pedicle screw 35.2% and 34.1% of the time when using 4.0-or 4.5-mm CBT screws, respectively.
For the lower lumbar levels, we were able to find significant differences between the previously fused group and the virgin group at all levels. Overall, we were able to successfully plan dual trajectory screws 38% of the time when previous pedicle screws had been placed. In the patients in whom we planned both trajectories, we were able to successfully plan for dual trajectories in 70% of the pedicles (p < 0.005).
When examining each of the lower lumbar levels individually, we again found a significant difference between the prior surgery and no prior surgery groups (Table 1) . At L-3, the CBT-traditional pedicle dual trajectory was successfully planned 20% of the time with both 4.0-and 4.5-mm CBT screws in those patients with prior surgery, compared with 50% (p = 0.022) and 48.6% (p = 0.024) for 4.0-and 4.5-mm CBT screws, respectively, in those with no prior surgery.
Similar differences were found at L-4 and L-5. At L-4 
Discussion
The mainstay of posterior spinal instrumentation remains traditional pedicle screws; however, recent developments have led to an increased interest in the CBT technique. Following Santoni and colleagues' initial publication, 15 Mobbs further defined the cortical bone trajectory, describing it as the "medio-latero-superior trajectory," using an entry point at the lateral pars. 12 Mobbs also discussed the use of hybrid CBT and traditional pedicle screw instrumentation for single-level fusion (Fig. 2A) . Matsukawa et al. reported on radiographic studies in which they evaluated the morphometric measurements pertaining to CBT throughout the spine. 7,9,11 It was theorized that the CBT technique would result in "greater holding screw strength" due to the increased screw-cortical bone interface. 5, 15 In vitro studies have demonstrated that the pullout and toggle characteristics of CBT are at least equivalent to those of traditional trajectory pedicle screws. 4, 13, 15 Biomechanical concerns have been raised by some regarding the use of CBT screws. Depending on the length of the screw, they may not pass the instantaneous axis of rotation or, at minimum, reach it. This may limit the biomechanics of the construct, which then likely mandates the use of an interbody graft. The biomechanics were evaluated by Perez-Orribo et al. and demonstrate sound fixation when comparing CBT screws with interbody fusion to traditional pedicle screws with interbody fusion. 13 CBT screws may, in fact, be biomechanically superior to traditional pedicle screws. 1, 8, 17 An in vivo study demonstrated that the insertional torque was 1.7 times greater with CBT screws than with traditional pedicle screws. 10 It has been shown that insertional torque directly correlates with pullout strength, 19 hence the significance of this study. These biomechanical studies were all conducted in vitro; long-term clinical studies are needed to evaluate not only immediate biomechanical outcomes but also long-term fusion rates. It is uncertain if the fusion rates resulting from this technique will improve due to increased rigidity of the instrumentation or worsen due to the decrease in the bone surface area of the construct. Furthermore, biomechanical studies have shown that CBT can be used as a rescue option when traditional pedicle screws fail. 2 In addition, some have advocated the use of CBT screws for osteoporotic patients due to increased screw-bone interface integrity related to cortical bone purchase, while being a less invasive option for either de novo or ASD patients. [14] [15] [16] When used for ASD, the CBT technique offers the benefit of not requiring the removal of previously placed instrumentation, thus significantly reducing the operative exposure required. 16 Whether for providing increased construct strength or attempting to limit surgical exposure, using the dual trajectory approach may become a valid option in appropriate patients.
To the best of our knowledge, there are 2 reports in the literature describing the dual trajectory technique.
14,16
Neither of these papers report issues associated with placing both screws in the same pedicle, although Ueno et al. mentioned the possible complications associated with the dual trajectory placement: "…there is a possibility of the surgeon being unable to insert TT [traditional trajectory] screws due to interference with screws in the pedicle; fracture of the pedicle may occur; or a screw may go beyond the lower wall of the pedicle and damage the root." 16 Ueno et al. and Rodriguez et al. did mention the need to obtain preoperative CT studies to aid in surgical planning.
14, 16 Rod riguez et al. commented on this step, which allows one to evaluate "pedicle size, along with the pedicular placement of the existing screw [which] is a critical determinant of whether a second screw may be added safely."
14 It can be assumed that their 100% success rate with the dual trajectory screw placement is related, in 15 Ueno et al. were unable to place the CBT in one pedicle due to the entry point fracturing after inserting the screw. 16 The relative paucity of data regarding the feasibility of the dual trajectory technique led us to perform a radiographic analysis of a larger population. Regardless of prior fusion status, we were able to successfully plan dual trajectories in roughly half of the pedicles. There is an obvious trend to higher success rates in the lower lumbar region. This is to be expected, given that the pedicle significantly increases in size from rostral to caudal.
11 While this information is useful to help clinicians consider the possibility of placing CBT screws in conjunction with traditional pedicle screws, it does not negate the need to obtain preoperative CT scans for feasibility planning.
While we demonstrated that the dual trajectory technique is feasible in a large percentage of the population, the significant difference between planning of the dual trajectory technique de novo is far superior to planning CBT screw placement after traditional pedicle screws have been placed without consideration for making room for the CBT screws. When planning de novo, the alteration of the traditional pedicle screw trajectory to accommodate subsequent placement of CBT screws makes a significant difference. Additionally, while we had no issue with radiographically planning CBT for patients who had undergone previous lumbar decompression, in actuality surgeons may have a more difficult time exposing the medial pars entry point needed for the CBT due to postoperative changes. Typically, the successful cases had traditional pedicle screws aimed more caudal and with lower entry points (Fig. 2) . This results in CBT screws crossing rostral to the traditional screws, as was the case for Ueno et al. and Rodriguez et al. 14, 16 Interestingly, there were a few traditional screw placements that would allow for a CBT screw to be planned crossing caudal to the previously placed screw (Fig. 4) , although this may be biomechanically suboptimal compared with the CBT crossing rostrally. 6 While we believe that this report meaningfully adds to the literature, it is not without limitations. Most notably, this study was limited to radiographic analysis only. While we were able to clearly show a large portion of patients are able to have dual trajectory screws placed, we are unable to comment on the clinical effect of actually inserting these screws. Cadaveric and biomechanical studies are still needed. Additionally, another limitation was the large number of females in the sample size, especially in the fusion group. This may have led to a slightly lower success rate due to the typically smaller pedicle size in women. For our study, we used 6.5-mm traditional pedicle screws at each level and 4.0-and 4.5-mm CBT screws. These values differ slightly from those in other reports. For example, Rodriguez et al. reported using at least 5.5-mm CBT screws and 7.0-mm traditional pedicle screws. This difference may have led to over-reporting the success rate in our study, in which we used smaller screws.
14 Conversely, Ueno et al. used screw sizes of 4.5 mm for CBT and 5.5 mm for traditional pedicle screws.
conclusions
There is a significant difference in the feasibility of planning CBT screws in patients with prior pedicle instrumentation compared with placing CBT and traditional pedicle screws simultaneously. However, dual trajectory pedicle screws are a feasible option for posterior lumbar spinal instrumentation, especially as a de novo option in osteoporotic patients or in patients with ASD who underwent previous pedicle instrumentation. Ultimately, the practical clinical utility and biomechanical effects on the spine and instrumentation construct require additional study.
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